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LITHOGRAPHIC APPARATUS AND DEVICE
MANUFACTURING METHOD

This application 1s a continuation application of U.S.
patent application Ser. No. 11/404,091, filed Apr. 14, 2006,
now allowed, which 1s a continuation-in-part application of
U.S. patent application Ser. No. 11/274,888, filed Nov. 16,
2003, now U.S. Pat. No. 7,656,501, and of U.S. patent appli-
cation Ser. No. 11/391,683, filed Mar. 29, 2006, now U.S. Pat.
No. 7,804,577, the entire contents of each application 1s
hereby incorporated by reference.

FIELD

The present mvention relates to a lithographic apparatus
and a method for manufacturing a device.

BACKGROUND

A lithographic apparatus 1s a machine that applies a desired
pattern onto a substrate, usually onto a target portion of the
substrate. A lithographic apparatus can be used, for example,
in the manufacture of integrated circuits (ICs). In that
instance, a patterning device, which is alternatively referred
to as a mask or a reticle, may be used to generate a circuit
pattern to be formed on an individual layer of the IC. This
pattern can be transierred onto a target portion (e.g. compris-
ing part of, one, or several dies) on a substrate (e.g. a silicon
wafler). Transfer of the pattern 1s typically via imaging onto a
layer of radiation-sensitive material (resist) provided on the
substrate. In general, a single substrate will contain a network
of adjacent target portions that are successively patterned.
Known lithographic apparatus include so-called steppers, 1n
which each target portion 1s irradiated by exposing an entire
pattern onto the target portion at one time, and so-called
scanners, 1 which each target portion 1s rradiated by scan-
ning the pattern through a radiation beam 1n a given direction
(the “scanning’-direction) while synchronously scanning the
substrate parallel or anti-parallel to this direction. It 1s also
possible to transier the pattern from the patterning device to
the substrate by imprinting the pattern onto the substrate.

It has been proposed to immerse the substrate 1n the litho-
graphic projection apparatus in a liquid having a relatively
high refractive index, e.g. water, so as to {ill a space between
the final element of the projection system and the substrate.
The point of this 1s to enable 1imaging of smaller features since
the exposure radiation will have a shorter wavelength 1n the
liquid. (The effect of the liqmd may also be regarded as
increasing the effective NA of the system and also increasing
the depth of focus.) Other immersion liquids have been pro-
posed, including water with solid particles (e.g. quartz) sus-
pended therein.

However, submersing the substrate or substrate and sub-
strate table 1n a bath of liquid (see, for example, U.S. Pat. No.
4,509,852) means that there 1s a large body of liquid that must
be accelerated during a scanning exposure. This requires
additional or more powerful motors and turbulence in the
liquid may lead to undesirable and unpredictable effects.

One of the solutions proposed 1s for a liquid supply system
to provide liquid on only a localized area of the substrate and
in between the final element of the projection system and the
substrate using a liquid confinement system (the substrate
generally has a larger surface area than the final element of the
projection system). One way which has been proposed to
arrange for this 1s disclosed 1n PCT patent application publi-
cation WO 99/49504. As illustrated 1n FIGS. 2 and 3, liquid 1s

supplied by at least one inlet IN onto the substrate, preferably
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along the direction of movement of the substrate relative to
the final element, and 1s removed by at least one outlet OUT
alter having passed under the projection system. That 1s, as
the substrate 1s scanned beneath the element 1n a =X direction,
liquid 1s supplied at the +X side of the element and taken up
atthe —X side. FIG. 2 shows the arrangement schematically 1n
which liquid 1s supplied via inlet IN and 1s taken up on the
other side of the element by outlet OUT which 1s connected to
a low pressure source. In the 1llustration of FI1G. 2 the liquad 1s
supplied along the direction of movement of the substrate
relative to the final element, though this does not need to be
the case. Various orientations and numbers of 1n- and out-lets
positioned around the final element are possible, one example
1s 1llustrated 1in FIG. 3 1n which four sets of an inlet with an
outlet on either side are provided 1n a regular pattern around
the final element.

A Turther immersion lithography solution with a localized
liquid supply system1s shown in FIG. 4. Liquid 1s supplied by
two groove inlets IN on either side of the projection system
PL and i1s removed by a plurality of discrete outlets OUT
arranged radially outwardly of the inlets IN. The inlets IN and
OUT can be arranged 1n a plate with a hole 1n 1ts center and
through which the projection beam 1s projected. Liquid 1s
supplied by one groove ilet IN on one side of the projection
system PL and removed by a plurality of discrete outlets OUT
on the other side of the projection system PL, causing a flow
of a thin film of liquid between the projection system PL and
the substrate W. The choice of which combination of inlet IN
and outlets OUT to use can depend on the direction of move-
ment of the substrate W (the other combination of inlet IN and
outlets OUT being inactive).

Another immersion lithography solution with a localized
liquid supply system solution which has been proposed 1s to
provide the liquid supply system with a barrier member which
extends along at least a part of a boundary of the space
between the final element of the projection system and the
substrate table. Such a solution 1s 1llustrated 1n FIG. 5. The
barrier member 1s substantially stationary relative to the pro-
jection system 1n the XY plane though there may be some
relative movement in the Z direction (in the direction of the
optical axis). In an embodiment, a seal 1s formed between the
barrier member and the surface of the substrate and may be a
contactless seal such as a gas seal.

The barrier member 12 at least partly contains liquid in the
space 11 between a final element of the projection system PL
and the substrate W. A contactless seal 16 to the substrate may
be formed around the image field of the projection system so
that liquid 1s confined within the space between the substrate
surface and the final element of the projection system. The
space 1s at least partly formed by the barrier member 12
positioned below and surrounding the final element of the
projection system PL. Liquid i1s brought into the space below
the projection system and within the barrier member 12 by
liquid 1nlet 13 and may be removed by liquid outlet 13. The
barrier member 12 may extend a little above the final element
of the projection system and the liquid level rises above the
final element so that a buffer of liquid 1s provided. The barrier
member 12 has an 1inner periphery that at the upper end, 1n an
embodiment, closely conforms to the shape of the projection
system or the final element thereof and may, e.g., be round. At
the bottom, the mner periphery closely conforms to the shape
of the image field, e.g., rectangular though this need not be the
case.

The liquid 1s contained in the space 11 by a gas seal 16
which, during use, 1s formed between the bottom of the bar-
rier member 12 and the surface of the substrate W. The gas
seal 1s formed by gas, e.g. air or synthetic air but, 1n an
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embodiment, N, or another inert gas, provided under pressure
via inlet 15 to the gap between barrier member 12 and sub-
strate and extracted via outlet 14. The overpressure on the gas
inlet 15, vacuum level on the outlet 14 and geometry of the
gap are arranged so that there 1s a high-velocity gas flow
inwards that confines the liquid. Those inlets/outlets may be
annular grooves which surround the space 11 and the tlow of
gas 16 1s effective to contain the liquid in the space 11. Such
a system 1s disclosed in United States patent application pub-
lication no. US 2004-0207824, hereby incorporated 1n 1ts
entirety by reference.

In European patent application publication no. EP
1420300 and United States patent application publication no.
US 2004-0136494, each hereby incorporated 1n their entirety
by reference, the idea of a twin or dual stage immersion
lithography apparatus 1s disclosed. Such an apparatus 1s pro-
vided with two tables for supporting a substrate. Leveling
measurements are carried out with a table at a first position,
without immersion liqud, and exposure is carried out with a
table at a second position, where immersion liquid 1s present.
Alternatively, the apparatus has only one table.

A possible downside of immersion lithography 1s reduced
throughput due to liquid handling 1ssues.

SUMMARY

It 1s desirable, for example, to provide a lithographic pro-
jection apparatus and device manufacturing method using
immersion lithography in which one or more measures are
taken to increase throughput.

According to an aspect of the invention, there 1s provided a
lithographic apparatus, comprising:

a projection system;

a table configured to hold a substrate to be imaged by the
projection system; and

a liquid supply system configured to provide a space
between the projection system and the substrate with liquid,
at least a part of the liquid supply system being moveable
relative to and independent of the projection system and the
substrate 1n at least one direction which 1s substantially par-
allel to a top surtace of the substrate.

According to an aspect of the invention, there 1s provided a
lithographic apparatus, comprising:

a projection system;

a table configured to hold a substrate to be imaged by the
projection system; and

a liguid supply system comprising a barrier member, sur-
rounding the projection system, configured to at least partly
contain liquid in a volume including a space between the
projection system and the substrate,

wherein the barrier member 1s configured to be moveable
independently of the substrate 1n a first direction 1n a plane
substantially parallel to a top surface of the substrate, and

wherein the barrier member 1s sized and shaped such that 1t
1s moveable 1n the first direction by at least a distance equal to
a slit height of the lithographic apparatus.

According to an aspect of the invention, there 1s provided a
lithographic apparatus, comprising:

a projection system;

a table configured to hold a substrate to be imaged by the
projection system;

a liquid supply system configured to provide a space
between the projection system and the substrate with liquid;
and
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4

a Torce decoupling member, positioned around the projec-
tion system and, 1n use, 1n the liquid, to atleast reduce transter
of forces from the liquid supply system to the projection
system through the liqud.

According to an aspect of the invention, there 1s provided a
device manufacturing method, comprising:

providing a liquid between a projection system and a sub-
strate using a liquid supply system, part of which forms a seal
between it and the substrate;

using the projection system to project a patterned beam of
radiation onto the substrate;

moving the substrate under the projection system; and

during moving of the substrate, moving the part of the
liquid supply system in a direction and at a speed to reduce the
relative velocity between the substrate and the part.

BRIEF DESCRIPTION OF THE DRAWINGS

Embodiments of the mnvention will now be described, by
way ol example only, with reference to the accompanying
schematic drawings in which corresponding reference sym-
bols mndicate corresponding parts, and in which:

FIG. 1 depicts a lithographic apparatus according to an
embodiment of the invention;

FIGS. 2 and 3 depict a liquid supply system for use in a
lithographic projection apparatus;

FIG. 4 depicts another liquid supply system for use 1n a
lithographic projection apparatus;

FIG. 5 illustrates, 1n cross-section, a barrier member with a
gas seal formed between the liquid supply system and the
substrate;

FIG. 6 illustrates, in cross-section, a further liquid supply
system 1n accordance with an embodiment of the present
invention;

FIG. 7 illustrates, 1n plan, the liquid supply system of FIG.
6.

FIGS. 8a-c illustrate schematically movements of a sub-
strate and a part of a liquid supply system under the projection
system; and

FIGS. 9a-c 1llustrate schematically movements of a sub-
strate and a part of a liquid supply system under the projection
system.

DETAILED DESCRIPTION

FIG. 1 schematically depicts a lithographic apparatus
according to one embodiment of the invention. The apparatus
COmprises:

an 1llumination system (1lluminator) IL configured to con-
dition a radiation beam B (e.g. UV radiation or DUV
radiation);

a support structure (e.g. a mask table) MT constructed to
support a patterning device (e.g. a mask) MA and con-
nected to a first positioner PM configured to accurately
position the patterning device 1n accordance with certain
parameters;

a substrate table (e.g. a water table) W constructed to hold
a substrate (e.g. a resist-coated water) W and connected
to a second positioner PW configured to accurately posi-
tion the substrate in accordance with certain parameters;
and

a projection system (e.g. a refractive projection lens sys-
tem) PS configured to project a pattern imparted to the
radiation beam B by patterning device MA onto a target
portion C (e.g. comprising one or more dies) of the
substrate W.
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The 1llumination system may include various types of opti-
cal components, such as refractive, reflective, magnetic, elec-
tromagnetic, electrostatic or other types of optical compo-
nents, or any combination thereot, for directing, shaping, or
controlling radiation.

The support structure supports, 1.¢. bears the weight of, the
patterning device. It holds the patterning device in a manner
that depends on the orientation of the patterning device, the
design of the lithographic apparatus, and other conditions,
such as for example whether or not the patterning device 1s
held 1n a vacuum environment. The support structure can use
mechanical, vacuum, electrostatic or other clamping tech-
niques to hold the patterning device. The support structure
may be a frame or a table, for example, which may be fixed or
movable as required. The support structure may ensure that
the patterning device 1s at a desired position, for example with
respect to the projection system. Any use of the terms
“reticle” or “mask” herein may be considered synonymous
with the more general term “patterming device.”

The term “patterning device” used heremn should be
broadly interpreted as referring to any device that can be used
to 1mpart a radiation beam with a pattern in 1ts cross-section
such as to create a pattern 1n a target portion of the substrate.
It should be noted that the pattern imparted to the radiation
beam may not exactly correspond to the desired pattern 1n the
target portion of the substrate, for example 1f the pattern
includes phase-shifting features or so called assist features.
Generally, the pattern imparted to the radiation beam will
correspond to a particular functional layer 1n a device being
created 1n the target portion, such as an itegrated circuit.

The patterning device may be transmissive or retflective.
Examples of patterming devices include masks, program-
mable mirror arrays, and programmable LCD panels. Masks
are well known in lithography, and include mask types such as
binary, alternating phase-shiit, and attenuated phase-shiit, as
well as various hybrid mask types. An example of a program-
mable mirror array employs a matrix arrangement of small
mirrors, each of which can be individually tilted so as to
reflect an incoming radiation beam 1n different directions.
The tilted mirrors impart a pattern in a radiation beam which
1s retlected by the mirror matrix.

The term “projection system”™ used herein should be
broadly interpreted as encompassing any type of projection
system, including refractive, reflective, catadioptric, mag-
netic, electromagnetic and electrostatic optical systems, or
any combination thereol, as appropriate for the exposure
radiation being used, or for other factors such as the use of an
immersion liquid or the use of a vacuum. Any use of the term
“projection lens” herein may be considered as synonymous
with the more general term “projection system”.

As here depicted, the apparatus 1s of a transmissive type
(e.g. employing a transmissive mask). Alternatively, the appa-
ratus may be of a retlective type (e.g. employing a program-
mable mirror array of a type as referred to above, or employ-
ing a reflective mask).

The hithographic apparatus may be of a type having two
(dual stage) or more substrate tables (and/or two or more
support structures). In such “multiple stage” machines the
additional tables may be used in parallel, or preparatory steps
may be carried out on one or more tables while one or more
other tables are being used for exposure.

Referring to FI1G. 1, the 1lluminator IL receives a radiation
beam from a radiation source SO. The source and the litho-
graphic apparatus may be separate entities, for example when
the source 1s an excimer laser. In such cases, the source 1s not
considered to form part of the lithographic apparatus and the
radiation beam 1s passed from the source SO to the i1llumina-
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tor IL with the aid of a beam delivery system BD comprising,
for example, suitable directing mirrors and/or a beam
expander. In other cases the source may be an integral part of
the lithographic apparatus, for example when the source 1s a
mercury lamp. The source SO and the 1lluminator IL, together
with the beam delivery system BD if required, may be
referred to as a radiation system.

The 1lluminator IL may comprise an adjuster AD for
adjusting the angular intensity distribution of the radiation
beam. Generally, at least the outer and/or inner radial extent
(commonly referred to as o-outer and o-1nner, respectively)
ol the intensity distribution 1n a pupil plane of the illuminator
can be adjusted. In addition, the 1lluminator IL may comprise
various other components, such as an integrator IN and a
condenser CO. The i1lluminator may be used to condition the
radiation beam, to have, a desired uniformity and intensity
distribution 1n 1ts cross-section.

The radiation beam B 1s incident on the patterning device
(e.g., mask) MA, which 1s held on the support structure (e.g.,
mask table) MT, and 1s patterned by the patterning device.
Having traversed the patterning device MA, the radiation
beam B passes through the projection system PS, which
focuses the beam onto a target portion C of the substrate W.
With the aid of the second positioner PW and position sensor
IF (e.g. an interferometric device, linear encoder or capacitive
sensor ), the substrate table W1 can be moved accurately, e.g.
sO as to position different target portions C 1n the path of the
radiation beam B. Similarly, the first positioner PM and
another position sensor (which 1s not explicitly depicted 1n
FIG. 1) can be used to accurately position the patterning
device MA with respect to the path of the radiation beam B,
¢.g. alfter mechanical retrieval from a mask library, or during
a scan. In general, movement of the support structure MT may
be realized with the aid of a long-stroke module (coarse
positioning) and a short-stroke module (fine positioning),
which form part of the first positioner PM. Similarly, move-
ment of the substrate table WT may be realized using a
long-stroke module and a short-stroke module, which form
part of the second positioner PW. In the case of a stepper (as
opposed to a scanner) the support structure MT may be con-
nected to a short-stroke actuator only, or may be fixed. Pat-
terning device MA and substrate W may be aligned using
patterning device alignment marks M1, M2 and substrate
alignment marks P1, P2. Although the substrate alignment
marks as illustrated occupy dedicated target portions, they
may be located 1n spaces between target portions (these are
known as scribe-lane alignment marks). Sumilarly, 1n situa-
tions 1n which more than one die 1s provided on the patterming
device MA, the patterning device alignment marks may be
located between the dies.

The depicted apparatus could be used 1n at least one of the
following modes:

1. In step mode, the support structure MT and the substrate
table WT are kept essentially stationary, while an entire pat-
tern imparted to the radiation beam 1s projected onto a target
portion C at one time (1.e. a single static exposure). The
substrate table WT 1s then shifted 1n the X and/orY direction
so that a different target portion C can be exposed. In step
mode, the maximum size of the exposure field limits the size
of the target portion C 1maged 1n a single static exposure.

2. In scan mode, the support structure M T and the substrate
table WT are scanned synchronously while a pattern imparted
to the radiation beam 1s projected onto a target portion C (1.¢.
a single dynamic exposure). The velocity and direction of the
substrate table W relative to the support structure M T may
be determined by the (de-)magnification and image reversal
characteristics of the projection system PS. In scan mode, the
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maximum size of the exposure field limits the width (in the
non-scanning direction) of the target portion 1n a single
dynamic exposure, whereas the length of the scanning motion
determines the height (1n the scanning direction) of the target
portion.

3. In another mode, the support structure MT 1s kept essen-
tially stationary holding a programmable patterming device,
and the substrate table WT 1s moved or scanned while a
pattern imparted to the radiation beam 1s projected onto a
target portion C. In this mode, generally a pulsed radiation
source 1s employed and the programmable patterning device
1s updated as required after each movement of the substrate
table WT or in between successive radiation pulses during a
scan. This mode of operation can be readily applied to mask-
less lithography that utilizes programmable patterning
device, such as a programmable mirror array of a type as
referred to above.

Combinations and/or vanations on the above described
modes of use or entirely different modes of use may also be
employed.

One or more embodiments of the present invention are
applicable to all types of liquid supply system which have a
speed at which the liquid may no longer be contained suili-
ciently. In particular those types which contain the liquidin a
volume above the substrate and which at least partly rely on
capillary forces and/or an underpressure and/or gas pressure
and/or hydrodynamic forces and/or iriction between the lig-
uid and the substrate, etc. to help ensure that liquid does not
escape that volume. Examples of such liquid supply systems
are 1llustrated in FIGS. 2-6 and other types of liquid supply
system may also make use of one or more embodiments of the
present mvention, including those which use a gas knife to
contain the liquid e.g. as depicted in FIG. 5. An embodiment
of the present invention will be described 1n relation to the
liquid supply system illustrated in FIG. 6 which comprises a
barrier member 12. However, 1t will be understood that this
and other embodiments may also be applicable to other types
of liguid supply system, and particularly those which provide
a liquid to a localized area of a substrate and to those relative
to which the substrate moves during imaging of the substrate.

Various types of liquid supply system attempt to create a
seal between a part of the liquid supply system and a sub-
strate. Movement of the substrate relative to that part of the
liquid supply system may lead to breakdown of the seal and
thereby cause leaking of liquid. In an embodiment of the
present invention, one or more measures are taken to reduce
the relative velocity between that part of the liquid supply
system and the substrate W during imaging. In this way the
scanning speed ol the substrate W at which the seal may break
down 1s increased so as to allow faster movement of the
substrate W under the projection system and thereby possibly
increase throughput.

FIG. 6 1llustrates a bather member 12 which is part of a
liquid supply system. The barrier member 12 extends around
the periphery of the final element of the projection system PL
such that the barrier member (which 1s sometimes called a
seal member) 1s, for example, substantially annular 1n overall
shape. The projection system PL may not be circular and the
inner and/or outer edge of the bather member 12 may also not
be circular so that it 1s not necessary for the barrier member to
be ring shaped and 1t could also be other shapes (as described
with reference to FIG. 7) so long as it has a central opening,
through which the projection beam may pass out of the final
clement of the projection system PL through liquid contained
in the central opening and onto the substrate W.

As 1llustrated 1n FIG. 7 the barrier member 12 may be, for
example, substantially rectangular and 1s not necessarily the
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same shape as the final element of the projection system PL 1s
at the height of the barrier member 12 (illustrated by line 300
in FI1G. 6). The significance of what 1s illustrated in F1G. 7 will
be described below 1n more detail.

A Tunction of the barrier member 12 1s to at least partly
maintain or confine liquid in the space between the projection
system PL and the substrate W so that the projection beam
may pass through the liquid. The top level of liquid 1s simply
contained by the presence of the barrier member and the level
of liquid 1n the space 1s maintained such that the liquid does
not overtlow over the top of the barrier member 12. In an
embodiment, a seal 1s provided between the bottom of the
barrier member 12 and the substrate W. In FIG. 6 the seal 1s a
contactless seal and 1s made up of several components. Work-
ing radially outwardly from the optical axis of the projection
system PL, there 1s provided a (optional) flow plate 50 which
extends 1nto the space (though not into the path of the projec-
tion beam) which helps maintain substantially parallel flow of
the immersion liquid out of outlet 20 across the space. The
flow control plate has through holes 55 1n it to reduce the
resistance to movement in the direction of the optical axis of
the barrier member 12 relative to the projection system PL
and/or substrate W. Moving radially outwardly along the
bottom of the barrier member 12 there 1s then provided an
outlet 60 which provides a flow of liquid 1n a direction sub-
stantially parallel to the optical axis towards the substrate.
This flow of liquid 1s used to help fill any gaps between the
edge of the substrate W and the substrate table WT which
holds the substrate. It this gap 1s not filled with liquid, bubbles
may be included in the liquid 1n the space between the pro-
jection system PL and the substrate W when an edge of the
substrate W passes under the seal. This 1s undesirable as it
may lead to deterioration of the image quality.

Radially outwardly of the outlet 60 1s an extractor assembly
70 configured to extract liquid from between the barrier mem-
ber 12 and the substrate W. The extractor 70 will be described
in more detail below and 1s configured to form, 1n part, the
contactless seal which is created between the barrier member
12 and the substrate W.

Radially outwardly of the extractor assembly 1s a recess 80
which 1s connected through an 1nlet 82 to the atmosphere and
via an outlet 84 to a low pressure source. Radially outwardly
of the recess 80 1s a gas knife 90. An arrangement of the
extractor, recess and gas knife 1s disclosed 1n detail 1n U.S.
patent application 60/643,626, filed Jan. 14, 2005, incorpo-
rated herein 1ts entirety by reference. However, 1n that appli-
cation the arrangement of the extractor assembly 1s different.

The extractor assembly 70 1s comprised of a liquid removal
device or extractor or mlet 100 such as the one disclosed 1n
United States patent application publication US 2006-
0038968, incorporated herein its entirety by reference. Any
type of liquid extractor may be used. In an embodiment, the
liquid removal device 100 comprises an inlet which 1s cov-
ered 1 a porous material 110 which 1s used to separate liquid
from gas to enable single-liquid phase liquid extraction. A
chamber 120 downstream of the porous material 110 1s main-
tained at a slight under pressure and 1s filled with liquid. The
under pressure 1n the chamber 120 1s such that the meniscuses
formed 1n the holes of the porous material prevent ambient
gas being drawn into the chamber 120 of the liquid removal
device 100. However, when the porous surface 110 comes
into contact with liquid there 1s no meniscus to restrict flow
and the liquid can flow freely into the chamber 120 of the
liquid removal device 100. The porous surface 110 extends
radially imnwardly along the barrier member 12 (as well as
around the space) and its rate of extraction varies according to
how much of the porous material 110 1s covered by liquid.
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Control ol the meniscus of liquid between the barrier mem-
ber 12 and the substrate W 1s significant. During scanning of
the substrate W (during which the substrate moves under the
barrier member 12 and projection system PL) the meniscus
may be drawn either towards or away from the optical axis by
a drag force applied by the moving substrate W. This may lead
to liquid loss which may result in evaporation of the liquid and
thereby possible cooling of the substrate and consequent
shrinkage and overlay errors. Additionally or alternatively,
liquid stains may be left behind from interaction between the
liguid droplets and resist photochemistry. Additionally or
alternatively, inclusion of gas into the space between the
projection system PL and the substrate W may be a problem
which may lead to bubbles and deterioration in the quality of
the projected 1mage when the meniscus 1s dragged 1nto the
space.

In an embodiment, a plate 200 1s provided between the
liquid removal device 100 and the substrate W so that the
function of liquid extraction and the function of meniscus
control may be separated from one another and the barrier
member 12 may be optimized for each.

The plate 200 1s a divider or any other element which has
the function of splitting the space between the liquid removal
device 100 and the substrate W 1nto two channels, an upper
channel 220 and a lower channel 230 wherein the upper
channel 220 1s between the upper surface of the plate 200 and
the liquid removal device 100 and the lower channel 230 1s
between the lower surface of the plate 200 and the substrate
W. Each channel 1s open, at its radially innermost end, to the
space. The thickness of the plate 1s not critical. Although as
illustrated in FIG. 6 the upper channel 220 extends horizon-
tally, this 1s not necessarily the case. The reason for the upper
channel 220 extending horizontally 1n FIG. 6 1s because of the
structural arrangement of the components. However, the
upper channel 220 could also extend vertically or any where
between horizontally and vertically. The gravitational pres-
sure on the liquid 1n the upper channel 220 1s low and, 1f
necessary, may be counteracted by applying an under pres-
sure, for example through liquid removal device 100 itself or
through another passage such as breathing holes 250
described below.

In an embodiment, the upper channel 220 between the
liquid removal device 100 and the plate 200 1s narrower than
the lower channel 230 between the plate 200 and the substrate
W. In an embodiment, the lower channel 1s between 250 mm
and 50 um high, or between 100 and 60 um depending on
design (viscous drag length from flow pattern), fluid param-
eters (viscosity, density, surface tension) and surface proper-
ties (contact angle resulting from binding energy surface/
liquid and liquid surtface tension). The upper channel 220 has
a stronger capillary action, for instance by making it 2 to 3
times narrower than the lower channel 230. Alternatively or
additionally, the upper channel 220 may be made with a
surface which 1s more liquidphilic than the lower channel
230. The upper channel 220 may also be wider than the lower
channel 230. If the upper channel 220 1s too narrow, liquid
may not flow 1n that channel because the frictional resistance
1s too large and the meniscus 1n that channel 1s fully loaded
with hydrodynamic forces. Thus, if the upper channel 220 1s
made wider, for example 1n the region of 150 um, than the
lower channel 230 which could be perhaps 60 um, these
difficulties may be overcome. Above a channel width of 250
um the capillary action 1s reduced. In order to promote cap-
illary action, the upper channel 220 could be made liquid-
philic or a height step close to the meniscus 1n the upper
channel 220 may be made such that the channel radially
inwardly 1s wider than radially outwardly.
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An under pressure may be applied in the upper channel
220, rather than leaving 1t open to the atmosphere through
breathing holes 250 e.g. through holes 250. In this way the
upper channel 220 may be made wider.

In this way there are two meniscuses 310, 320. A first
meniscus 310 1s positioned above the plate 200 and extends
between the porous surface 110 and the top surface of the
plate 200 and a second meniscus 320 which 1s positioned
underneath the plate 200 and which extends between the plate
200 and the substrate W. In this way the extractor assembly 70
may be optimized to control the first meniscus 310 for opti-
mum extraction of liquid and to control the position of the
second meniscus 320 such that the viscous drag length for the
second meniscus 320 1s reduced. In particular, characteristics,
such as of the plate 200, may be optimized to make it ener-
getically favorable for the second meniscus 320 to remain
adhered to the plate 200 such that the scan speed of the
substrate W beneath the barrier member 10 may be increased.
Capillary forces acting on the second meniscus 320 are out-
wards and are balanced by an under pressure 1n the liquid
adjacent the meniscus so that the meniscus stays still. Higher
loading on the meniscus, for example by viscous drag and
inertia, may result in a lowering of the contact angle of the
memscus with the surface.

In FIG. 6 the basic extractor assembly 70 1s 1llustrated.
Breathing holes 250 are provided at the radially outward most
end of the plate 200 such that the first meniscus 310 1s free to
move mwardly and outwardly beneath the porous material
110 so that the extraction rate ol the liquid removal device 100
can vary according to how much of the porous material 110 1s
covered by liquid. As 1llustrated 1n FIG. 6 the second menis-
cus 320 1s adhered to a lower innermost edge of the plate 200.

In FIG. 6 the mnermost bottom edge of the plate 200 1s
provided with a sharp edge so as to substantially pin the
second memiscus 320 1n place. In an embodiment, the radius
of the edge 1s less than 0.1 mm, less than 50 um, less than 20
um or about 10 um.

An alternative or additional way of pinning the second
meniscus 320 1s to change the surface properties of the sur-
face of the plate 200 to which the second meniscus 320
adheres. For example, a change from a liquidphilic to a l1g-
uidphobic surface 1n a radially outward direction on the plate
200 could also result 1n substantial pinning of the meniscus
320 at that change because the shape of the meniscus will
need to mvert for 1t to pass from the liquidphilic to the liquid-
phobic surface. Another or additional way to pin the meniscus
1s to change the surface of the plate 200 from a rough surface
to a smooth surtace. When tully wetted the rough surface can
act as a meniscus trap. I the surface 1s not fully wetted and the
liquid 1s only on the peaks of the roughness, a rough surface
can act liguidphobic such as in the so called lotus effect.
Additionally or alternatively, electro wetting could be used to
locally trap the memiscus, which has an advantage 1n that 1t
can be turned on and off.

Also 1llustrated 1n FIG. 6 1s a force decoupling member
(e.g., ring) 500. This force decoupling member 500 surrounds
the final element of the projection system PL in the liquid. The
purpose of the force decoupling member 500 1s to substan-
tially prevent forces being transmitted from the part of the
liquad supply system which moves relative to the projection
system PL (see below) to the final element through the liquad.
To this end the force decoupling member 500 1s attached
cither to a base frame BF which supports the substrate W or to
a metrology frame RF to which the projection system PS 1s
attached. Thus the force decoupling member 500 1s dynami-
cally 1solated from the projection system PL.
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Although not specifically illustrated 1in FIG. 6, the liquad
supply system has a means for dealing with a vanation in the
level of the liquid. This 1s so that liquid which builds up
between the projection system PL and the barrier member 12
may be dealt with and does not spill. Such a build-up of liquid
might occur during relative movement of the barrier member
12 to a projection system PL described below. One way of
dealing with this liquid is to provide the barrier member 12 so
that it 1s very large so that there 1s hardly any pressure gradient
over the periphery of the barrier member 12 during movement
ol the barrier member 12 relative to the projection system PL.
In an alternative or additional arrangement, liquid may be
removed from the top of the barrier member 12 using, for
example, an extractor such as a single phase extractor similar
to the extractor 110.

In an embodiment, 1t 1s possible to regulate the supply of
liquid 1nto the space between the final element of the projec-
tion system PL and substrate W, for example, through outlet
20, depending on the relative direction of movement of the
barrier member 12 relative to the projection system PL. Thus
active control of the supply of liquid by the liquid supply
system 1nto the space 1s possible depending on the movement
of the barrier member 12 relative to the projection system PL.
Thus, for example, when the barrier member 12 1s moving
towards the projection system PL from a first side to a second
side the active control of the ligmid control system would
provide more liquid from the side of the barrier member
closer to the second side than from a part of the barrier
member closer to the first side. The active control could be
implemented by way of piezoelectric actuated inlet nozzles,
or concentric rings moveable with respect to each other with
a flow path between the 1inside edge of the outer ring and the
outside edge of the inner ring, etc.

FI1G. 7 1llustrates how 1t 1s possible to reduce the relative
speed between the substrate W and the barrier member 12 of
the liquid supply system and thereby increase the speed at
which the substrate may be moved below the projection sys-
tem. This 1s accomplished by providing the barrier member
12 of the liquid supply system of a size such that the barrier
member 12 may be moved relative to the projection system
PL and independently of the substrate W. This 1s achieved by
shaping and sizing the barrier member 12 to define an inner
volume which 1s, 1n plan, larger than the size, 1 plan, of the
final element of the projection system PL at the same height as
the barrier member 12 (line 300 1n FIG. 6). The final element
may be cone shaped like illustrated i FIGS. 5 and 6 and
therefore larger 1n plan above the barrier member 12 than the
inner volume.

As 1llustrated 1n FIG. 7, i1n an embodiment, the barrier
member 1s s1zed and shaped such that 1t 1s moveable 1n at least
one direction (the scanning direction) 1n a plane substantially
parallel to a top surface of the substrate. The barrier member
should be moveable by at least a distance which gives a
tangible improvement 1n performance. For example, sizing
and shaping the barrier member 12 such that it 1s moveable 1n
a first direction at least a distance equal to a slit height of the
apparatus would be appropriate. The slit of an apparatus 1s the
s1ze, 1n plan, of the aperture through which the projection
beam PB passes. Generally the slit has a height of about 10
mm and a width of about 25 mm. During scanning the slit
width 1s scanned and the scan length 1s about 32 mm. During,
a scanning movement, the substrate table WT 1s accelerated
for approximately 20 mm in order to reach a stable velocity.
Scanning for approximately 32 mm then occurs at that stable
velocity betfore deceleration of the table for about 20 mm
happens. Thus the total travel of a substrate table WT during,
a scanning motion 1s of the order of 70-80 mm. Allowing the
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barrier member 12 to move 1n the scanning direction by 20%
of that distance should produce a noticeable increase 1n
through-put performance and would be suitable. Clearly
increasing the amount of movement will reduce the relative
velocity between the substrate W and the barrier member 12,
more so that allowing the barrier member 12 to be moveable
in the first (scanning) direction by a distance of at least 30, 40
or 50% of a maximum scan length of the apparatus 1s corre-
spondingly better at the cost of a larger footprint.

With regard to movement 1n the step direction, 1t might be
suitable to allow movement 1n that direction by at least a
distance equal to the slit height or perhaps the slit width. A
step 1s approximately 25 mm 1n width and acceleration of
approximately 26 mm 1s typically used beforehand in order to
stabilize the substrate table and deceleration of approxi-
mately 26 mm 1s typically used afterwards. Thus the amount
of movement possible 1n the second (step) direction should be
a reasonable fraction of that distance, for example 20%, 30%,
40% or 50% of the step travel distance.

The barrier member 12 may move either passively (for
example against a spring force) or actively by use of an
actuator 1000 for movement 1n one direction (scanning) and
a second actuator 2000 for movement in the direction
orthogonal to the scanning direction.

When the substrate W moves to the right hand side as
illustrated 1n FIG. 6, the barrier member 12 1s also moved to
the right hand side at a speed equal to two times the speed of
the substrate W or less. Both these movements are relative to
the projection system PL. In this relative speed range, the
speed difference between the substrate W and barrier member
12, the plate 200 1n particular, 1s reduced. For example 11 the
barrier member 12 1s moved at half the velocity of the sub-
strate W this means that the maximum scan speed at which the
lower meniscus 320 may break 1s increased by a factor of 2
because the relative speed between the substrate and the plate
1s reduced by half. The upper meniscus 310 experiences little
or no movement. Lower speeds of the barrier member 12, say
up to a speed equal to the substrate, should provide the same
benelits as higher speeds up to twice the speed of the substrate
but are easier to implement.

In practice the barrier member may move at any speed or
direction which reduces the relative velocity between the
sealing surface of the plate 200 and the substrate W. During
scanning 1n order to prevent cumulative movement 1n a cer-
tain direction the barrier member 12 1s only moved during the
fast movements of the substrate W and may then be brought
back gradually to a centered position during slower move-
ment or during periods where there 1s no movement. Thus,
during Y scans the barrier member 12 may simply move up
and down during the meandering and during X steps the
barrier member 12 may move with the substrate. During the’Y
scans the barrier member 12 may move back to 1ts original
position to prevent accumulative movement in the X direc-
tion.

The movement of the barrier member 12 may be either
active or passive. In the case of an active barrier member 12,
a control system 1s provided which interacts with data from
the overall controller of the lithographic apparatus to co-
ordinate movements of the barrier member 12 with move-
ments of the substrate W. The barrier member 12 may be
actuated by, for example a piezo electric actuator, a linear
motor, etc. In an embodiment 1n which the barrier member 12
1s moved passively, the barrier member 12 may be attached to
the base frame BE, reference frame RF or projection system
PL by one or more springs positioning it in the X-Y direction.
Friction through the liquid between the moveable plate 200
and the substrate W should provide enough force for the
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barrier member 12 to be moved 1n the same direction as the
substrate W. By adding a liquidphobic coating at an edge of
the plate 200, the force exerted on the plate by the substrate W
through the ligmid may be increased. The strength of the
spring(s) 1s chosen such that the barrier member 12 moves
only during step movements of high speed.

The barrier member 1s described as being rectangular in the
description of the embodiment of FIGS. 6 and 7 and refer-
ences to radially (1.e. 1n and out towards the optical axis) are
made. The term should be construed generally to encompass
movements with geometries other than circular generally
away from and towards the optical axis but 1n some geom-
etries the directions may not exactly pass through the optical
axis.

FIGS. 8 and 9 show two practical examples of the moving,
barrier member 12 described above in which the movement of
the barrier member 12 1s active 1.¢. 1t 1s moved with actuators
1000, 2000. FIG. 8a shows the movement of the substrate W
under the projection system PL and FIG. 85 shows the move-
ment of the barrier member 12 under the stationary projection
system PL. The substrate 1s scanned under the projection
system PL from position 1 to position 2 (FIG. 8a) such that the
shaded square box 1s illuminated as the mask 1s scanned
across. During this scanming the barrier member 12 follows
(slowly) a diagonal path from position 1 to position 2 (FIG.
8b6). During the step motion (2-3-4), to reduce the relative
speed between the barrier member 12 and substrate W, the
barrier member 12 may then also move from left to right as
illustrated (2-3-4) 1in FIG. 8b. During the scan from 4-35
another diagonal path 1s traversed slowly by the barrier mem-
ber 12 1n order that the barrier member 1s 1n a position at the
end of that scan to move once again in the X direction to
reduce the relative speed between the substrate and the barrier
member 12 during the X step. FIG. 8c illustrates the absolute
speeds of the substrate and the barrier member as well as the
relative speed between the substrate and the barrier member.
From this graph 1t 1s easy to see how the moveable barrier
member 12 may reduce the relative speed between the sub-
strate W and the barrier member 12 and thereby allow a
greater speed of the substrate W leading to possible increased
throughput before meniscus breakdown.

FIGS. 9a-cillustrate a similar principle to that 1llustrated in
FIGS. 8a-c except for longer scans to allow for double expo-
sure.

For small fields (e.g. 10 mm long), the speed in the scan
direction may become smaller than 1n the step direction. The
same applies for a required stroke, 1t depends upon the use to
which the apparatus 1s being put.

In order to increase modularity, identical actuators may be
used for movement of the barrier member 12 in the scanning,
and step directions and they may have the same stroke.

In an alternative embodiment the plate 200 1s dispensed
with 1.e. one or more embodiments of the invention work just
as well with different constructions of barrier member.

In all embodiments, the controller may also predict likely
movements required by the sealing surface in the future
because 1t has the data regarding the movement which the
substrate will undergo during exposure. Thus, 1t may, during
slow movement of the substrate relative to the projection
system, move the barrier member close to an extreme position
(or back to a central position) so as to Increase or maximize
the available movement of the barner member for a future
high speed movement of the substrate relative to the projec-
tion system.

In an embodiment, the plate 200 1s translatable relative to
the barrier member 12 1n a plane substantially parallel to the
substrate W. In this embodiment, the barrier member 12 itself
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1s not substantially moved relative to the projection system PL
during scanning of the substrate but it 1s the plate 200 which
1s moved (e.g. as described above 1n relation to FIGS. 8 and 9)
to reduce the relative speed between the substrate W and the
plate 200 to which the memscus 320 1s attached.

When the substrate moves to the right hand side as 1llus-
trated 1n FIG. 6, the plate 200 1s also moved to the right hand
side at a speed equal to two times the speed of the substrate W
or less. Both these movements are relative to the projection
system PL and barrier member 12. In this relative speed range
the speed difference between the substrate W and the plate
200 1s reduced. For example 11 the plate 200 1s moved at half
the velocity of the substrate W this means that the maximum
scan speed at which the lower meniscus 320 may break 1s
increased by a factor of 2 because the relative speed between
the substrate and the plate 200 1s reduced by half. The upper
menmiscus 310 only experiences the plate 200 movement. It
may be necessary to provide a breathing hole equivalent to
breathing hole 250 1n the side wall of the barrier member
rather than through the plate 200. A lower speed of the plate,
say up to a speed equal to the speed of the substrate, may
provide the same benelits as a higher speed up to twice the
speed of the substrate but 1s easier to implement.

In practice the plate may move at any speed which reduces
the relative velocity between the sealing surface of the plate
200 and the substrate W. During scanning in order to prevent
cumulative movement 1n a certain direction the plate 1s only
moved during the fast movements of the substrate W and may
then be brought back gradually to a centered position during
slower movement or during periods where there 1s no move-
ment. Thus, during Y scans the plate may simply move up and
down during the meandering and during X steps the plate may
move with the substrate. During the Y scans the plate may
move back to 1ts original position to prevent accumulative
movement 1n the X direction.

The movement of the plate may be either active or passive.
In the case of an active plate a control system 1s provided
which interacts with data from the overall controller of the
lithographic apparatus to co-ordinate movements of the plate
200 with movements of the substrate W. The plate 200 may be
actuated by, for example a piezo electric actuator, a linear
motor, etc. In an embodiment 1n which the plate 1s moved
passively, the plate may be attached to the barrier member 10
by a spring positioning it in the X-Y direction. Friction
through the liquid between the moveable plate 200 and the
substrate W will provide enough force for the plate 200 to be
moved 1n the same direction as the substrate W. By adding a
liqguidphobic coating at an edge of the plate 200, the force
exerted on the plate by the substrate W through the liquid may
be increased. The strength of the spring may be chosen such
that the plate moves only during step movements of high
speed.

Thus, as can be seen, by moving a part of the liquid supply
system relative to the projection system and imndependently of
the substrate but in the same direction of the substrate during
fast movement of the substrate, the speed of movement of the
substrate may be increased before liquid leaks from the liquid
supply system. In particular the part which 1s moved 1s the
part to which one end of the meniscus 320, which extends
from the substrate W and the liquid supply system, 1is
attached. Thus, although an embodiment of the invention has
been described 1n relation to moving the whole of the barrier
member 12 or the plate 200 relative to the projection system
PL there may be other designs of liquid supply system 1n
which a different part or member of the liquid supply system
may be moved relative to the projection system PL to achieve
the same effect as described above. As described above, an
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embodiment of the mvention has been described above 1n
relation to two particular types of barrier member liquid sup-
ply systems. There are other liquid supply systems to which
an embodiment of the present invention may also be applied
¢.g. barrier member solutions without a plate 200 and/or with
a gas knife to contain the liquid.

Although specific reference may be made 1n this text to the
use of lithographic apparatus in the manufacture of ICs, it
should be understood that the lithographic apparatus
described herein may have other applications, such as the
manufacture of integrated optical systems, guidance and
detection patterns for magnetic domain memories, tlat-panel
displays, liquid-crystal displays (LCDs), thin-film magnetic
heads, etc. The skilled artisan will appreciate that, in the
context of such alternative applications, any use of the terms
“water” or “die” herein may be considered as synonymous
with the more general terms “substrate” or “target portion”,
respectively. The substrate referred to herein may be pro-
cessed, before or after exposure, 1n for example a track (a tool
that typically applies a layer of resist to a substrate and devel-
ops the exposed resist), a metrology tool and/or an inspection
tool. Where applicable, the disclosure herein may be applied
to such and other substrate processing tools. Further, the
substrate may be processed more than once, for example 1n
order to create a multi-layer IC, so that the term substrate used
herein may also refer to a substrate that already contains
multiple processed layers.

Although specific reference may have been made above to
the use of embodiments of the invention in the context of
optical lithography, 1t will be appreciated that the invention
may be used 1n other applications, for example imprint lithog-
raphy, and where the context allows, 1s not limited to optical
lithography. In imprint lithography a topography 1n a pattern-
ing device defines the pattern created on a substrate. The
topography of the patterning device may be pressed nto a
layer of resist supplied to the substrate whereupon the resist is
cured by applying electromagnetic radiation, heat, pressure
or a combination thereof. The patterning device 1s moved out
of the resist leaving a pattern 1n it after the resist 1s cured.

The terms “radiation” and “beam™ used herein encompass
all types of electromagnetic radiation, including ultraviolet
(UV) radiation (e.g. having a wavelength of or about 363,
248, 193, 157 or 126 nm).

The term “lens”, where the context allows, may refer to any
one or combination of various types of optical components,
including refractive, retlective, magnetic, electromagnetic
and electrostatic optical components.

In an embodiment, there 1s provided a lithographic appa-
ratus, comprising: a projection system; a table configured to
hold a substrate to be imaged by the projection system; and a
liguid supply system configured to provide a space between
the projection system and the substrate with liquid, at least a
part of the liquid supply system being moveable relative to
and independent of the projection system and the substrate 1in
at least one direction which 1s substantially parallel to a top
surface of the substrate.

In an embodiment, the apparatus further comprises an
actuator configured to move the at least a part of the liquid
supply system 1n the at least one direction. In an embodiment,
in use, a boundary of the liquid extends between the substrate
and the at least a part of the liquid supply system. In an
embodiment, the boundary 1s a meniscus. In an embodiment,
the liquid supply system comprises a gas knife configured to
seal between the liquid supply system and substrate to at least
partly contain liqud in the space. In an embodiment, the
liquad supply system 1s configured to provide liquid to an area
ol the substrate which 1s, 1n plan, smaller than a top surface of
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the substrate. In an embodiment, 1n use, movement of the at
least a part of the liquid supply system in the at least one
direction 1s effective to move a volume, to which the at least
a part of the liguid supply system provides liquid, in the at
least one direction. In an embodiment, the apparatus further
comprises a substrate table configured to hold the substrate
and move 1t relative to the projection system independent of
movement of the at least a part of the liquid supply system. In
an embodiment, the apparatus further comprises a positional
controller configured to control movement of the at least a
part of the liquid supply system such that, during a portion of
movement of the substrate relative to the projection system
during imaging, the at least a part of the liquid supply system
1s moved to reduce relative velocity between the at least a part
of the liquid supply system and the substrate, while maintain-
ing the space between the projection system and the substrate
substantially full of liquid. In an embodiment, the positional
controller 1s configured to control movement of the at least a
part of the liquid supply system, during a scanning of the
substrate under the projection system in a scanning direction,
with a major component 1n the scanning direction and a minor
component 1n a direction substantially orthogonal to the scan-
ning direction, such that the at least a part of the liquid supply
system moves during the scan from a position to one side of
the projection system to a position toward the other side of the
projection system 1n a direction substantially orthogonal to
the scanning direction. In an embodiment, the positional con-
troller 1s configured to control movement of the at least a part
of the liquid supply system, during a step motion of the
substrate under the projection system 1n a step direction, 1n
the step direction. In an embodiment, the at least a part of the
liquid supply system 1s configured to form a contactless seal
between the liquid supply system and the substrate. In an
embodiment, the at least a part of the liquid supply system
comprises a barrier member configured to surround the space
and provide a physical barrier to liquid escaping radially
outwardly from an optical axis of the apparatus from the
space and wherein, 1n use, the contactless seal 1s provided
between the barrier member and the substrate. In an embodi-
ment, 1 use, the contactless seal at least partly relies on a
meniscus force of the liquid. In an embodiment, the apparatus
turther comprises a first actuator configured to move the at
least a part of the liquid supply system 1n a second direction
substantially orthogonal to the at least one direction. In an
embodiment, the apparatus further comprises a second actua-
tor configured to move the at least a part of the liquid supply
system 1n the at least one direction and wherein the stroke of
the second actuator 1s at least 172 times the stroke of the first
actuator. In an embodiment, the at least a part of the liquid
supply system comprises a plate. In an embodiment, the at
least a part of the liquid supply system comprises a liquid
supply part of the liquid supply system. In an embodiment,
the apparatus further comprises a force decoupling member,
positioned around the projection system and, 1n use, 1n the
liquid, to at least reduce transier of forces from the part of the
liquid supply system to the projection system through the
liquid. In an embodiment, 1n use, the force decoupling mem-
ber 1s dynamically decoupled from the projection system. In
an embodiment, the force decoupling member 1s attached to a
frame to which the projection system 1s attached or attached
to a frame configured to support the substrate.

In an embodiment, there 1s provided a lithographic appa-
ratus, comprising: a projection system; a table configured to
hold a substrate to be imaged by the projection system; and a
liquid supply system comprising a barrier member, surround-
ing the projection system, configured to at least partly contain
liquid 1n a volume including a space between the projection
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system and the substrate, wherein the barrier member 1s con-
figured to be moveable independently of the substrate 1n a first
direction 1n a plane substantially parallel to a top surface of
the substrate, and wherein the barrier member 1s sized and
shaped such that 1t 1s moveable 1n the first direction by at least
a distance equal to a slit height of the lithographic apparatus.

In an embodiment, the barrier member 1s sized and shaped
such that 1t 1s moveable 1 a second direction substantially
orthogonal to the first direction and in a plane substantially
parallel to the top surface of the substrate by at least a distance
equal to the slit height of the lithographic apparatus. In an
embodiment, the barrier member 1s sized and shaped such
that 1t 1s moveable by more distance 1n the first direction than
it 1s moveable 1n a second direction. In an embodiment, the
barrier member 1s sized and shaped such that 1t 1s moveable in
the first direction by a distance of at least 20% of a maximum
scan length of the lithographic apparatus. In an embodiment,
the barrier member 1s s1zed and shaped such that 1t 1s move-
able 1n a second direction by a distance of at least 20% of the
slit width of the apparatus.

In an embodiment, there 1s provided a lithographic appa-
ratus, comprising: a projection system; a table configured to
hold a substrate to be 1imaged by the projection system; a
liguid supply system configured to provide a space between
the projection system and the substrate with liquid; and a
force decoupling member, positioned around the projection
system and, 1n use, 1n the liquid, to at least reduce transter of
forces from the liquid supply system to the projection system
through the liquid. In an embodiment, the apparatus further
comprises a base frame configured to support the substrate
and wherein the force decoupling member 1s attached to the
base frame.

In an embodiment, there 1s provided a device manufactur-
ing method, comprising: providing a liquid between a projec-
tion system and a substrate using a liquid supply system, part
of which forms a seal between 1t and the substrate; using the
projection system to project a patterned beam of radiation
onto the substrate; moving the substrate under the projection
system; and during moving of the substrate, moving the part
of the liguid supply system 1n a direction and at a speed to
reduce the relative velocity between the substrate and the part.

In an embodiment, during scanning movement of the sub-
strate 1n a scanning direction, the part 1s moved with a major
component 1n the scanning direction and a minor component
in a direction substantially orthogonal to the scanning direc-
tion, such that the part moves during the scan from a position
to one side of the projection system to a position toward the
other side of the projection system in a direction substantially
orthogonal to the scanning direction. In an embodiment, dur-
ing a step motion of the substrate under the projection system
in a step direction, the part 1s moved 1n the step direction.

While specific embodiments of the invention have been
described above, 1t will be appreciated that the invention may
be practiced otherwise than as described. For example, the
invention may take the form of a computer program contain-
Ing one or more sequences of machine-readable instructions
describing a method as disclosed above, or a data storage
medium (e.g. semiconductor memory, magnetic or optical
disk) having such a computer program stored therein.

One or more embodiments of the invention may be applied
to any immersion lithography apparatus, in particular, but not
exclusively, those types mentioned above and whether the
immersion liquid is provided in the form of a bath or only on
a localized surface area of the substrate. A liquid supply
system as contemplated herein should be broadly construed.
In certain embodiments, it may be a mechanism or combina-
tion of structures that provides a liquid to a space between the
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projection system and the substrate and/or substrate table. It
may comprise a combination of one or more structures, one or
more liquid inlets, one or more gas inlets, one or more gas
outlets, and/or one or more liquid outlets that provide liquid to
the space. In an embodiment, a surface of the space may be a
portion of the substrate and/or substrate table, or a surface of
the space may completely cover a surface of the substrate
and/or substrate table, or the space may envelop the substrate
and/or substrate table. The liquid supply system may option-
ally further include one or more elements to control the posi-
tion, quantity, quality, shape, flow rate or any other features of
the liquad.

The immersion liquid used in the apparatus may have
different compositions, according to the desired properties
and the wavelength of exposure radiation used. For an expo-
sure wavelength of 193 nm, ultra pure water or water-based
compositions may be used and for this reason the immersion
liguid 1s sometimes referred to as water and water-related
terms such as hydrophilic, hydrophobic, humidity, etc. may
be used.

The descriptions above are intended to be illustrative, not
limiting. Thus, 1t will be apparent to one skilled in the art that
modifications may be made to the mmvention as described
without departing from the scope of the claims set out below.

The mvention claimed 1s:

1. A lithographic apparatus, comprising:

a projection system;

a table configured to hold a substrate to be 1maged by the

projection system; and

a liqud supply system configured to provide a space

between the projection system and the substrate with
liquid, at least a part of the liquid supply system being
moveable relative to and independent of the projection
system and the substrate; and

a controller configured to control the amount of supply of

the liquid based on direction of movement of the at least
part of the liquid supply system.

2. The apparatus of claim 1, wherein the controller 1s con-
figured to, when the at least part of the liquid supply system 1s
moving towards the projection system from a first side to a
second side, control the liquid supply system to provide more
liquid from the side of the at least part of the liquid supply
system closer to the second side than from a part of the at least
part of the liquid supply system closer to the first side.

3. The apparatus of claim 1, wherein the liquid supply
system has an outlet to supply the liquid substantially parallel
to a top surface of the substrate and the controller 1s config-
ured to control supply of the liquid from the outlet.

4. The apparatus of claim 1, wherein the controller 1s con-
figured to control the supply of liquid based on the direction
of movement of the at least part of the liquid supply system
relative to the projection system.

5. The apparatus of claim 1, wherein the at least part of the
liguid supply system 1s moveable 1n at least one direction
which 1s substantially parallel to a top surface of the substrate.

6. The apparatus of claim 1, further comprising an actuator
configured to move the at least a part of the liquid supply
system 1n the at least one direction.

7. The apparatus of claim 1, wherein, 1n use, a boundary of
the liquad extends between the substrate and the at least a part
of the liquid supply system.

8. The apparatus of claim 1, wherein the liquid supply
system 1s configured to provide liquid to an area of the sub-
strate which 1s, 1n plan, smaller than a top surface of the
substrate.

9. The apparatus of claim 1, further comprising a positional
controller configured to control movement of the at least part
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of the liquid supply system such that, during a portion of
movement of the substrate relative to the projection system
during imaging, the at least part of the liquid supply system 1s
moved to reduce relative velocity between the at least part of
the liquid supply system and the substrate, while maintaining,
the space between the projection system and the substrate
substantially full of liquad.

10. A device manufacturing method, comprising;:

supplying a liquid between a projection system and a sub-

strate using a liquid supply system;

using the projection system to project a patterned beam of

radiation onto the substrate through the liquid;

moving the substrate under the projection system;

moving at least a part ol the liquid supply system relative to

and 1independent of the projection system and the sub-
strate; and

controlling the amount of supply of the liquid based on

direction of movement of the at least part of the liquid
supply system.

11. The method of claim 10, wherein the controlling com-
prises, when the at least part of the liquid supply system 1s
moving towards the projection system from a first side to a
second side, controlling supply of the liquid to provide more
liquid from the side of the at least part of the liquid supply
system closer to the second side than from a part ol the at least
part of the liguid supply system closer to the first side.

12. The method of claim 10, wherein the liquid supply
system has an outlet to supply liquid substantially parallel the
substrate and the controlling controls supply of liquid from
the outlet.

13. The method of claim 10, wherein the controlling com-
prises controlling the supply of liquid based on the direction
of movement of the at least part of the liquid supply system
relative to the projection system.

14. The method of claim 10, wherein during moving of the
substrate, moving the at least part of the liquid supply system
in a direction and at a speed to reduce the relative velocity
between the substrate and the at least part of the liquid supply
system.
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15. The method of claim 10, wherein a boundary of the
liquid extends between the substrate and the at least part of the
liquid supply system.

16. A computer-readable non-transitory storage medium
having a computer program stored therein to cause a com-
puter to execute a method comprising:

using a projection system to project a patterned beam of

radiation onto a substrate through a liquid between the
projection system and the substrate;

moving at least a part of a liquid supply system relative to

and 1independent of the projection system and the sub-
strate, the liquid supply system used to supply the liquid
between the projection system and the substrate; and
controlling the amount of supply of the liquid by the liquad
supply system based on direction of movement of the at

least part of the liquid supply system.

17. The storage medium of claim 16, wherein the control-
ling comprises, when the at least part of the liquid supply
system 1s moving towards the projection system from a first
side to a second side, controlling supply of the liquid to
provide more liquid from the side of the at least part of the
liquid supply system closer to the second side than from a part
of the at least part of the liquid supply system closer to the first
side.

18. The storage medium of claim 16, wherein the control-
ling comprises controlling the supply of liquid based on the
direction of movement of the at least part of the liquid supply
system relative to the projection system.

19. The storage medium of claim 16, wherein the liquid
supply system has an outlet to supply liquid substantially
parallel the substrate and the controlling comprises control-
ling supply of liquid from the outlet.

20. The storage medium of claim 16, wherein the moving,
comprising moving the at least part of the liquid supply sys-
tem 1n at least one direction which 1s substantially parallel to
a top surface of the substrate.
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